Abstract-This paper proposed a novel integrated design of azeotropic mixtures distillation process based on mechanical vapor recompression (MVR). The extractive distillation of acetone -methanol binary system that forms a homogeneous minimum -boiling azeotrope was studied. Based on the simulation result, the total energy consumption of the proposed sequence is 62% less than the existing extractive distillation configuration.
I. INTRODUCTION
In recent years, separation by distillation columns is the primary technology in chemical processing industries. It is commonly known in chemical industry world that distillation process is ranked in a third of the total used energy in chemical industry [1] . Non-ideal and azeotropic mixtures are mostly encountered in chemical industries. Many academic research have been conducted to investigate the azeotropic distillation process especially on finding a good approach to decrease the energy consumption to separate the respective mixtures [2] , [3] .
Because these mixtures are impossible to separate using a single conventional column, numerous non-conventional distillation techniques have been suggested to answer this issue [4] - [7] . The most common methods are pressure-swing distillation and extractive distillation. The first option often used in the mixtures that are very sensitive to pressure. The latter, which is the normal non-conventional distillation process used in the chemical industry is economically feasible if a suitable solvent can be found. In extractive distillation method, a nonvolatile solvent which have a high boiling point and miscible with the azeotropic mixtures is used. The different interactions between the solvent and the components of mixtures will change the relative volatility [8] . As a result, the new formed mixtures can be separated by the common distillation technologies. Particularly, for separating a binary homogeneous azeotrope, we use two-column distillation process. The feed mixture and the extractive solvent are introduced into the first column (see Fig. 1 ). The solvent is miscible with the feed mixture and one pure component can be obtained on the top of the first column. The second component and solvent are introduced to the second column. Due to the high boiling point of the solvent, the other component can be attained on the top of the second column, otherwise the solvent is obtained on the bottom. Finally, the solvent is recovered to the first column after adding make-up solvent.
Extractive distillation is widely used in numerous processes, but it consumes high amount of energy, which requires dispatching [6] , [9] - [14] . Process integration is an attracting choice for handling this issue and it has been successful in decreasing the energy requirements in comparison with sequences where all the units are configured with little or no integration [8] . Knapp and Doherty researched the heat integration of binary homogeneous azeotropic systems using extractive distillation methods [3] . They studied the acetonemethanol mixture with water as the solvent. They suggested the thermally-integrated sequence in which the pressure of the second column was decreased. This method was able to obtain energy saving up to 40%. In another research, Luyben considered the extractive distillation in both dynamic and steady state [2] . A heat integration scheme was proposed and it was also able to attain large amount of energy saving. However, in both cases, because of increasing the pressure in the second column was increased, much of modifications were required for this column such as column diameter, tray spacing, replacement of the existing internals, etc. Moreover, these modifications require the plant to be shut leading to the product loss and the product distribution to the customers will be interrupted [15] . MVR is known as a state-of-art industrial system for binary distillation and is widely applied in the separation of close boiling components [16] . According to the MVR, the top vapor is fed to the compressor and exchanging heat with the bottom stream. As the heat load is high and the temperature difference between the overhead and bottom of the column are small, this technology might be an interesting option for conserving energy [17] . However the benefit of MVR has only been studied for a single distillation column. In this configuration the heat of top stream is used to evaporate the bottom stream of the same column [16] - [21] .
The aim of this work is to investigate an innovative integrated sequence, applying MVR for the acetonemethanol system that forms a homogeneous minimumboiling azeotrope using extractive distillation sequence. The heat of the compressed overhead stream will be used to evaporate the bottom stream of the second column for conserving energy. II. CONVENTIONAL EXTRACTIVE DISTILLATION Fig. 2 illustrates the conventional extractive distillation configuration for acetone -methanol separation. The optimal design of this mixture using the extractive solvent, water, is proposed by Knapp and Doherty [3] . The design used in this work was inspired by their research and also Luyben's work [2] . The process includes two columns, the extractive distillation column to separate acetone and the extractive solvent recovery column to separate methanol.
The Knapp -Doherty presented the optimal design which has 57-tray extractive column and a 26-tray solvent recovery column, both operating at 1 atm [3] . In order to produce high-purity acetone in distillate the extractive agent is fed to the extractive column on a stage above the feed stage and below the top of the column. With a feed flow rate of 540 kmol/h, a solvent flow rate must be 1,100 kmol/h to obtain the desired 95% acetone purity [2] . A cooler is also necessary to cool down the water recycle from the bottom of extractive solvent recovery column from 100 o C to 47 o C before it is recovered to the extractive column.
The acetone -methanol mixture forms a homogeneous minimum -boiling azeotrope and the third component (water) used as an extractive solvent to separate a binary mixture. A residue curve map for the acetone -methanol -water system is shown in Fig. 3 . Notice that it is feasible to separate the mixture due to the fact that there is no distillation boundary dividing the composition profile into different regions. Table I indicates the information of sequence used in this work including operating conditions, feed condition, equipment sizes, heat duties. The simulations were conducted using commercial simulation software, Aspen HYSYS V7.3. The UNIQUAC model was used to predict the thermodynamic properties. 
III. PROPOSED PROCESS CONFIGURATION BASED ON MVR
In the studied sequence, the base temperature in the DC1 is 81 o C, while the condenser temperature in DC1 and DC2 are 56 o C and 64 o C, respectively. The small temperature difference between the two condenser temperatures with the base temperature in DC1 shows an attractive option to apply MVR for the two-column extractive distillation column. acetone) and stream 7 as a reflux stream to DC1. Stream 9 and stream 13 are heated in a heat exchanger and fed into DC1. Meanwhile, stream 15 is fed to the DC2. At the same time, the distillate stream from DC2 is adiabatically compressed by a compressor (16 → 17) and cooled by exchanging heat in heat exchanger (17 → 18) . The temperature of stream 18 is adapted by a cooler (18 → 19) , and the liquid stream (19) is divided into two streams (20 and 21) . Subsequently, stream 20 is fed into DC2 as the recycled stream and stream 21 is the product methanol. 
IV. SIMULATION RESULT AND DISCUSSION
Considering a distillaltion sequence that separates the azeotropic mixture of acetone (50% mole) and methanol (50% mole) at temperature of 47 o C and operating pressure of 1 atm, the energy consumption for the proposed sequence for the azeotropic distillation column was calculated and compared to the conventional extractive sequence (see Table  II ). In all heat exchangers, the minimum temperature approach was kept constant at 10 o C. The adiabatic efficiency of the compressor was assumed 75%. Based on MVR technology, the heats of the overheads in two distillation columns are recovered by compressors and exchanged with the heat of bottom stream of the first column. As a result, a dramatic increase in the required energy of the whole process is obtained because of the first column required energy two times more than the second column. The simulation results showed the proposed sequence can save reboiler energy up to 62% compared to the conventional extractive distillation sequence. It indicates that the proposed sequence is very promising for an azeotropic distillation process.
Additionally, to follow the integrated design perfectly, two additional compressors are required instead of reboilers at the optimal energy point of view. Thus, compared to the conventional process, the capital costs would rise. Nevertheless, when the compressors apply a pressure difference between the inlet and outlet, gas is naturally transported. Therefore, there is a trade-off between operating costs and capital costs. Furthermore, the operating conditions and the size of these columns were kept same to conventional columns. Therefore it is not necessary to check the mechanical calculations for the column. As maximizing the existing equipment, the investment cost for new hardware is able to minimize.
V. CONCLUSION
This work presented an innovative integrated sequence based on MVR for the azeotropic distillation. Simulation on a feed mixture of acetone (50% mole) and methanol (50% mole) showed that the proposed sequence can save 62% in terms of energy compared with the conventional extractive distillation. Based on this result, some parametric analyses should be considered for the future work to make clear that the difference when applying MVR whether the process is extractive distillation or not. 
